Supplementary Information: Text
The data. We provide additional information about the data used in the main text:
(i) United States. The data come from the largest Web-mediated community for male escort services in the U.S. at http://www.daddysreviews.com. We use data from January 2005 to December 2011. The website has operated since 1998, but reviews before 2005 were lost due to a server error in 2006 and are permanently missing. The available data are organized on monthly basis.
Effort is put by the web administrator to maintain high credibility of posted reviews. All reviews are held in a holding tank and individually verified by the administrator before they are posted, sex workers cannot remove reviews, and suspicious reviews are flagged. The website allows clients to inform each other about the quality of provided services, but aims at minimizing the opportunities of both clients and sex workers to post biased information. It is extremely difficult for any sex worker to create new identities for himself: if he changes his location or professional name, all of his previous reviews are retained and linked to him indefinitely; sex workers who have retired are not removed from the website, but their retirement is noted. The data were collected using a Python script that pulls the information from the website into a database organized by the fields in the review. In case of the U.S. data, we additionally exploit the interaction between the network of sexual encounters, the type of individual and the geography of these encounters. Among clients and sex workers, 13.61% and 21.26% respectively appear in more than one U.S. statistical area. The variables travel and travelling refer below to the number of areas an actor appears in (minus 1) and travelers are individuals appearing in at least two areas. See [1] for a more detailed account of the community.
(ii) Brazil. The data come from an on-line forum in Brazil reported in Rocha et al. [2, 3] . They filter the high-end prostitution based on male members posting on their encounters with female sex workers. The time span of the data is September 2002 (the beginning of the community) through October 2008. The community and the encounters are organized according to several criteria and the administrators perform rigorous policy to avoid duplicities, biased posting etc. Unfortunately, the data on the geography of the encounters in Brazil are not available to us. We refer to [2, 3] for a more detailed account of this community.
Diffusion measures.
In the main text, we focus on three diffusion measures: degree (D), betweenness (B), and coreness (C). In the U.S. data, sex workers are more central in case of the three measures (Kolmogorov-Smirnoff and nonparametric Wilcoxon rank-sum tests, P < 10 −7 ; see Supplementary Tables 1 − 4). Such dominance of sex workers does not appear in Brazil. In the Brazilian data, sex workers have more links (Kolmogorov-Smirnoff, P < 10 −3 ; Wilcoxon, P = 0.0167) and higher betweenness (Kolmogorov-Smirnov, Wilcoxon, P < 10 −7 ), but clients exhibit higher coreness. The difference is not significant using the parametric Kolmogorov-Smirnov test (P = 0.2043); it is significant at 5% using the non-parametric rank-sum test (P = 0.0308).
All the measures are positively correlated in both networks (Pearson corr. coefficient, P < 10 −7 ) but the correlations are generally far from one. The correlation coefficients between degree and betweenness, degree and coreness, and betweenness and correness are respectively 0.7953, 0.6914, and 0.5991 (0.8955, 0.7278, and 0.5713 for sex workers; 0.7872, 0.7036, 0.6092 for clients) in the U.S. and 0.8491, 0.7110, and 0.5153 (0.9027, 0.7710, and 0.5969 for sex workers; 0.73256, 0.8378, and 0.4727 for clients) in Brazil. Note that the lowest correlations are between the two global measures, B and C, illustrating that each of them reflects a different aspect of global centrality.
The type-specific relation between the local and global centralities reveals an interesting fact: conditional on local centrality, clients in both the U.S. and Brazil are more important globally (using both B and C) and this difference enlarges as we focus on more connected individuals (Supplementary Figure 4) . This observation is underscored by the fact that each measure of global importance reflects a different aspect of centrality as illustrated by the relatively low correlation between the two measures in both networks. As a result, clients contribute more than sex workers to the closeness and cohesiveness of the networks with each link they form. Below, we show that a large part of this difference can be explained by the geographical movements of both types of actors.
Alternative immunization strategies. The main text shows how removing individuals from the network affects the diffusion properties of the two networks. Here, we report additional cases. Supplementary Figure 1 illustrates how network-based policies impact other variables which are not reported in the main text: the assortativity coefficient, diameter, and the maximal betweenness in the networks. Supplementary Figure 2 shows that random removal is largely ineffective in preventing contagion. Supplementary Figure 3 compares the effectiveness of network-related and travel-based removals in the U.S., showing that network-based removals outperform removals based on traveling patterns (these at the same time outperform random removals; compare Supplementary  Figure 2 
and 3).
Traveling (appearing in more than one U.S. area) in the U.S. data.Respectively 15.98%, 6.22%, and 3.47% (N = 907, 353, and 197) of individuals appear in more than one, two, and three U.S. areas; 91% of travellers belong to the GC. Supplementary Table 5 reports the correlations between the number of regions an agent appears in and the number of sexual partners, betweenness, and coreness, as well the adjusted R 2 from regressing the corresponding networks measure on a constant and travelling. The figures (non-reported) fall slightly in the GC but all remain highly significant (P < 10 −7 ). Overall, travelling patterns are closely linked to individual centralities in the U.S. data.
Supplementary Table 6 shows how removing travelling individuals affects the network properties. If we remove all travellers, only 0.70% of individuals belong to the largest connected group, the epidemic threshold raises by 254% and the maximal B in the network reduces more than 3000 times. If we only consider the networks with individuals who appear in one or two regions, the properties are still dramatically different from the global statistics: the share of nodes in GC is three times lower, the epidemic threshold is almost 200% larger, and the maximal B is more than 11 times lower. This further supports the importance of the geography of sexual encounters in the market for commercial sex. We observe no tendency of travelling clients to seek out (non-)travelling sex workers (Supplementary Table 7) .
Clients appear in fewer regions on average (Wilcoxon rank-sum test, P < 10 −7 ), but the difference disappears if we focus on more systematic travellers (P > 0.2 for individuals appearing in more than 3 areas; Figure 3a in the main text). Betweenness centrality reveals that clients bridge larger number of distinct pairs of other network members than sex workers conditional on travelling and the difference enlarges with travelling ( Figure 3b ). Since this observation cannot be attributed to the number of sexual partners (Figure 3b The analysis focuses on 20 U.S. metropolitan statistical areas (areas, hereafter) with the largest client-sex worker activity. These areas account for 83.4% of sexual activity in the data set. The other regional networks are too small to provide any meaningful analysis.
Supplementary Tables 8 and 9 explore the determinants of clients' and sex workers' mobility. Given the crucial role of highly mobile individuals in the analysis, we only report the results based on the 50 most travelling clients/sex workers (corresponding to 2.81% and 1.28% of clients/sex workers and 13.3% and 9.4% of travelling clients/sex workers). Considering different subsets of the most central individuals (more or less than 50) does not qualitatively affect the conclusions.
The dependent variable is the number of clients/sex workers in this set that appear in each area under study (variables Visits sex workers and Visits Clients). There is no difference between these 50 clients and sex workers from the travelling perspective and the correlation between the appearance of both types is virtually one (ρ = 0.99; P < 10 −7 ). We relate these two variables to the following characteristics that might influence how many clients and sex workers appear in each area:
• Gay concentration rate (2005): the percentage of all households in a Metropolitan Statistical Area (MSA) that are headed by a male sex couple divided by the national average over all MSAs (Black et al. [4] ).
• HIV rate (2006): the number of HIV positive individuals in an MSA per 1,000 people in the population; source: Centers for Disease Control and Prevention (http://www.cdc.gov).
• Airport traffic (2012): total passenger boardings in the area. In areas with more than one airport, we added up the boardings in all airports; source: Federal Aviation Administration (http://www.faa.gov).
• Metropolitan population and density of population (2010); source: United States Census (http://www.census.gov).
• State-level total and per-capita gross domestic product (GDP, 2013); source: U.S. Bureau of Economic Analysis (http://www.bea.gov).
Supplementary Table 8 provides simple pairwise correlation coefficients and their corresponding p-values. Given high correlations between many of these characteristics, Supplementary Table 9 reports the result of the count-data regression analysis. It reveals that airport traffic and density of population are statistically influential for both the number of clients and sex workers appearing in each area. However, for clients' mobility, airport traffic and density of population are the only two significant determinants. Sex workers' movements, in addition, are affected by economic activity within the area. Most importantly, the R 2 in the regression corresponding to sex workers' movements is 61.9% higher than that of clients. Note that we cannot interpret the absolute numbers due to the standard difficulties interpreting pseudo R 2 's [5] , but this comparison provides some information about the relative predictability of travelling patterns of both types.
Determinants of Network Centrality: Supplementary Tables 10 − 15 contain the regression analysis, where local (degree, D) and global (betweenness, B, and coreness, C) centralities are the dependent variables. We estimate three types of models: (i) Individual-level regressions (Supplementary Tables 10 − 13). We regress the centrality of agents, D, B, and C, on their types, travelling patterns, and whether they belong to the GC or not. The estimated models are linear OLS regressions. We checked the robustness of the estimates by (a) using negative binomial model for D and B (we cannot reject the dispersion of the data in any case, P < 10 −5 ) and ordered logit model for C (that is no dispersion in C but the dependent variable takes integer values between 1 and 4), (ii) focusing on the giant component, and (iii) using several subsets of the population (to economize on space, we do not report the latter here). All the models are robust to these alternative specifications. Even if there is an overdispersion in the distribution of D and B and C is a categorical variable, we focus on the linear regression models for individuals' degrees because they allow for a straightforward interpretation of the estimated parameters.
We observe that all centrality measures are higher for sex workers, members of the GC, and increase with travelling to different areas of the U.S. Travelling is by far the most important determinant of centrality. On its own, it explains large fraction of the variability of the network measures (Supplementary Table 7 ). In addition, how travelling patterns shape the centrality differs between sex workers and clients.
Sex workers have more sexual partners and higher global centrality than clients in absolute terms (P < 10 −7 ). Since the sensitivity of degree on travelling is higher for sex workers (P < 10 −5 ), this difference increases for frequent travellers. These findings seem to confirm the standard intuition that sex workers are the key players in the networks.
Quantitatively speaking, by serving one additional region the sex workers increase their number of encounters by 2.4 (linear regressions). If a client appears in an additional region his number of sexual contacts only increases by 1.7, the latter being significantly larger than one (P < 10 −7 ). Once again, it shows that sex workers dominate in the number of contacts, but it also shows that traveling clients regularly change their sex worker contacts.
In contrast, the impact of travelling on both global measures of centrality is higher for clients (B and C; P < 10 −7 ). Compared to travelling sex workers, travelling clients form part of the "bridge" (the shortest path) between more than almost 9,000 (and 10,000 in GC) pairs of different members of the network with each additional region they appear in. Since the estimated coefficient of the client dummy is β = −7623, after balancing these two values, clients on average exhibit higher B than comparable (that is, travelling) sex workers and this gap increases with the number of visited areas. In particular, clients who appear in two regions have higher betweenness than sex workers by 8871.2 − 7623 = 1248. 2. This difference is not significant at 5% (P = 0.193) but it becomes significant for people appearing in more than two areas (P < 10 −7 ). This result is even stronger in the GC; the difference is already significant at 5% for people appearing in two regions (P = 0.045).
Despite reflecting different aspects of centrality, analyzing the determinants of C confirms the results found using B: sex workers are more central absolutely, but their sensitivity on travelling is lower (P < 10 −7 ). As a result, clients appearing in three regions or more exhibit higher coreness than comparable sex workers (P = .071 for travel = 2, i.e. appearing in three areas, and P > 10 −7 for more frequent travellers). The results are qualitatively similar in the GC or considering ordered logit models. Hence, the global diffusion role of travelling clients is robust to considering different measures of global centrality.
Further analysis reveals non-linear relationships between the centralities and travelling (Supplementary Table 13 ). However, accounting for the additional non-linear term in each regression only shows a marginal improvement of model fit for degree (less than 1%), whereas it is substantial for C (8.2%) and B (17%). As a result, non-linearity seems important for global centrality, but not for the number of sexual contacts. Both sides of the market exhibits convex association between travelling and B and 6 concave relation between travelling and C.
Our data also contain some individual characteristics of sex workers in the U.S., such as age, race, and body-mass index. Since these characteristics have large impact on their market performance [6] , they may also influence the positions of sex workers in the client-prostitute network. We found the only variable that systematically impacts D and B is the age dummy for cohort between 30's and 40's. This variable is a significant predictor of both centrality measures in the whole network as well as in the GC (P < 0.002). However, no other variables are significant predictors of sex workers' positions; therefore, we do not report these estimations here. Since individual characteristics of clients are not available, we cannot perform an analogous exercise for clients. In the regression analysis, we focus on the U.S., where we observe the travelling patterns. Using both linear and Tobit regressions (left censored by 0), we predict 70-80% of the variability of B on basis of local centrality, agents' types, and travelling patterns. The exact number depends on how much confidence one puts on each model specification; the complete models explain 80% and 71%, resp. (Linear regression: R 2 = 0.80; Tobit: R 2 = 0.71). These results conform with Supplementary Figure 4 : the relation between local and global centralities is non-linear and type specific. As for C, we report OLS and ordered logit regressions. The fits are somehow lower but other findings are qualitatively identical to B. We cannot exploit the full models using the ordered logit regressions due to collinearity and convergence problems.
Immunization strategies based on global centrality naturally require the knowledge of the whole network architecture, a strong requirement in most applications (especially on illegal markets such as prostitution). These results show that policy-makers may approximate global centrality using local and non-network individual characteristics that are more likely to be observable or instrumentable by other variables, without the exigence to observe the whole organization of the community. Supplementary Table 16 , we group people into subsets according to whether their degree is larger or equal to a certain value. More precisely, the D ≥ 1 set contains all the network, the D ≥ 2 set pools all the individuals having two or more sexual partners in the data, and so on. Even though unorthodox, this approach allows us to focus on the average characteristics within each subset of the most central individuals with varying degree of (local) centrality. We regress i, the minimum degree in the corresponding set of the most connected individuals, on the average travelling within each subset in Supplementary Table 17 (see Figure 3b , main text; Supplementary Figure 5) . The regressions show that appearing in one additional region and comparing groups with D > i with D > i + 1 increases the average number of clients by more than 5, with the fit slightly below 70%. Clients only increase their number of sexual partners by 2.15 in the regressions, but the fit is almost perfect: 97%. Hence, travelling is the key factor explaining why clients become central in the network, whereas additional motives seem to operate behind the centrality of sex workers. Since this regression is based on 32 observations only, it is only included for illustrative purposes and should be interpreted with caution. The same effects do not show up for C (Supplementary Figure 5a) .
In addition, we perform similar analysis from the reverse perspective: pooling all individuals appearing in one region and more (the whole network, travel ≥ 1), then all actors with travel ≥ 2, and so forth (Supplementary Table 18 ; Figure 3b ). This alternative perspective corroborates the above findings.
Simulation scenarios. There are numerous ways of how the spread of diseases on networks can be modelled, depending mostly on the specificities of particular pathogens. We simulated a stochastic spread of a pathogen on the observed networks, taking into account the time occurrence of the encounters in the data. To focus on the network structure (rather than the complexity of a specific disease), we simulate the simplest possible scenario, the SusceptibleInfected (SI) model. That is, there is no recovery rate in our simulations. This model is unsuitable in static networks as everybody ends up being infected if the network is connected, but this does not occur if people cannot infected their past encounters. Abstracting from the recovery reflects better the interaction between the network architecture and time structure within the data. Each sexual encounter in the U.S. data is classified according to the month and year. Hence, to ensure the comparability of both data sets, we organized the Brazilian data (categorized on daily basis in [3] ) in the same way as the U.S. data set. In each simulation, all nodes are susceptible initially (S) and we infect 5 or 10 randomly selected clients, sex workers, or nodes independently of their type. The initial infection always occurs in January in the U.S. and September in Brazil and we systematically vary the year in which the initial infection takes place (but the successive infection follows the monthly categorization of the encounters). More precisely, we infect the initial disease carriers on January 2004, January 2005, ..., and January 2011 in the U.S. data and on September 2002, September 2003 and so forth in Brazil. Since the time window is large with respect to other studies (e.g. [3] ), the contagion is accelerated by infecting with probability p each sexual partner of the initially infected individuals already in the initial period. In the second step, all individual infected in the initial period (i.e. the initial 5 or 10 carriers and their partners infected in the initial period) 8 infect both their sexual partners in the period of their own infection and their future partners, each with the same probability p. This process follows till all the pathways end up at the end of the span of each data set, corresponding to December 2011 (October 2008) in the U.S. (Brazil) . The main text focuses on 10 initial carriers of the pathogens, two transmission probabilities (p = 0.01 and 0.1), and contrasts the scenarios, in which the contagion commences by clients vs. sex workers (Figure 4) . Here, we show that the conclusions are (qualitatively) robust to considering 5 (rather than 10) initially infected agents and three alternative infection probabilities, one even lower p = 0.001 and two larger ones p = 0.5 and 1. The results are presented in Supplementary Figures 6 − 9 .
The number of individuals infected in the U.S. network at the end of 2011 is somehow higher if sex workers are initially infected but the differences between clients and sex workers are generally not significant, independently of the contagion probabilities, the horizon of the simulation, and the number of initially infected individuals. In Brazil, the outbreak sizes are comparable for STI introduced by either clients or sex workers for low infection probabilities even though somewhat larger for clients. The differences become significantly larger for p ≥ 0.5 if clients (rather than sex workers) are the initial carriers. However, since real-life transmission probabilities are considerably lower than 50% (especially for HIV/AIDS), we focus on the lower ones in the main text and prefer to conclude that the temporal dynamics and the bipartite nature of the graphs corroborate that clients vs. sex workers play a comparable role for STI diffusion on the market.
We also ran simulations, in which the initial infections were indiscriminate. Since in virtually all cases the resulting average outbreaks lie in between the two type-dependent cases, the plots corresponding to the type-independent initial infection are omitted in Supplementary Figures Supplementary 
